The aim of this case report is to present a novel approach to the management of very severe anaphylactic reaction to Patent Blue Dye used in Sentinel Node Biopsy for breast cancer treatment. The severity and duration of cardiovascular effects has not been described previously in this setting. Comprehensive ICU support including heamofiltration resulted in the patients' complete recovery and successful long-term well-being despite a change to our routine cancer care plan.
Introduction
Sentinel node biopsy with dual localization using blue dye and radioisotope is the standard of care for early breast cancer treatment, this being the preferred method for staging the axilla in early breast cancer in the United Kingdom (NICE Guidelines 2009 [1] ).
Although severe allergic reaction to blue dye has been described there are, in the sentinel node era, no reported deaths or patient needing ventilation beyond 24 hours and no alteration to the recommended cancer plan P. K. Donnelly et al.
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[2]- [4] . We have reported a Grade 3 anaphylactic reaction with a near-death consequence resulting in the need to give prolonged vasopressor therapy, haemofiltration and a significant change to the recommended cancer care plan.
Case Report
As a result of screening mammography, a 59-year-old woman was found to have a 10 mm invasive ductal carcinoma of her left breast. Ultrasound of the axilla was normal. She had a past history of palpitations treated by propranolol 40 mg daily and was otherwise well with no known allergies. Thirty years earlier she had an uneventful general anaesthetic for tubal insufflations using methylene blue.
The patient was admitted for breast wide local excision with ultrasound wire and sentinel node biopsy having previously given consent and provided with information in line with NICE [1] and NEW START [2] guidance. Periareolar injection of 20 MBq of radioactively labelled colloid Tc99m (1.25 ml; Nanocoll; Amersham Healthcare Ltd., Buckinghamshire, UK) was administered 3 hour before the operation. Pre-operatively lymphosintigraphy identified three hot lymph glands in the left axilla General anaesthesia was induced with Fentanyl, Propofol and Atracurium,Co-amoxiclav 1200 mg was given intravenously as antibiotic prophylaxis. The airway was secured with an endotracheal tube and positive pressure ventilation commenced. The anaesthetist was alerted to the injection by the surgeon of 2 mls of Patent Blue V (Patent Blue V Sodium Guerbet 2.5%) intra-dermally in the left breast peri-areola skin. Forty minutes after induction the non-invasive blood pressure became un-recordable. Boluses of initially Ephedrine and then Metaraminol were administered and technical issues with the blood pressure cuff excluded. A pre-auricular pulse remained palpable, but a non-invasive pressure remained un-recordable. At this time the surgeon noted oedema of the surgical field and examination of the patient revealed facial swelling. A presumptive diagnosis of anaphylaxis was made and 50 mcg of adrenaline administered intravenously. Invasive arterial monitoring was established and confirmed hypotension (systolic 60 mmHg). Further aliquots of adrenaline were administered with adequate, but transient effect and an adrenaline infusion commenced. Intravenous Chlorphenamine and Dexamethasone were also given as second line therapies. The patient's heart rate remained stable at 50 -60 bpm throughout 15 minutes of hypotension.
The surgery was speedily concluded and the patient was transferred to ICU for ongoing supportive care. She exhibited further episodes of cardiovascular instability which were managed with fluid challenges and further increments of the adrenaline infusion (peak dose 0.33 mcg/kg/min). The patient did develop widespread angioedema ( Figure 1 and Figure 2 ), but did not develop a rash or bronchospasm. Biphasic blue skin discolouration consistent with leaching of dye from the injection site was noted during the first 48 hrs after surgery.
Fifteen hours after admission the patient developed a significant metabolic acidosis (Base excess −12.9 mmol/L and lactate 9.4). At this time noradrenaline was substituted for the adrenaline infusion and continuous venous-venous haemo-filtration commenced. The aim of the latter was not only to address the metabolic acidosis, but also to promote clearance of the patent blue dye as the clinical picture was of episodic cardio vascular instability suggestive of ongoing antigenic stimulus (Figure 3 ). On this basis CVVHD was continued for twenty four hours in total although the lactic acidosis resolved within eight hours. Noradrenaline requirements peaked on the second day of admission at 0.71 mcg/kg/min, but then they successfully weaned over the next 72 hours.
An electrocardiograph on admission showed changes suggestive of a potential septalinfarct, but troponin assay proved normal and although an initial echocardiogram demonstrated regional wall abnormalities these were felt to be rate related as they resolved on a repeat echocardiogram.
Additionally a degree of cardiac ischaemia is a consistent finding in acute anaphylaxis due to a combination of coronary artery spasm and systemic hypotension.
Forty eight hours after admission the patient was extubated, but had to be re-intubated 18 hours later due to a combination of progressive hypoxia and increased work of breathing that failed to improve with a trial of non-invasive ventilation. A chest x-ray taken at this time demonstrated bilateral pulmonary interstitial oedema consistent with adult respiratory distress syndrome. A protective lung ventilation strategy was adopted and the patient was able to be successfully extubated 48 hours later, but did require non-invasive ventilatory support. This was weaned over the subsequent 5 days and the patient discharged to ward based care on Day 14 profoundly weakened despite parenteral nutrition.
The patient was discharged to a community hospital on Day 22 and home on Day 26 with a package of support. Follow up investigations revealed a peak Tryptase level of 87. 9 ng/ml (normal range 2 -14 ng/ml) and positive skin prick tests (SPTs) to neat 2.5% PB V. SPTs to all other peri-operative drugs, latex and surgical antiseptics were negative. IgE to latex, penicillin V, penicillin G and amoxicillin were all negative. A subsequent oral course of Amoxicillin and Flucloxacillin for a chest infection was well tolerated.
Post-operative histology revealed that the breast tumour was a 10 mm Grade 2 ductal carcinoma with clear excision margins of a minimum of 15 mm circumferentially and 1 mm deeply at the pectoral fascia. The tumour was receptor positive for oestrogen, negative for progesterone and HER2. There was no lymphovascular invasion but one of four sentinel nodes showed evidence of macro metastases. The patient's management was discussed at a Multidisciplinary Team meeting and with the family 10 days post-operatively and it was agreed that the patient would be unfit for further axillary gland clearance within two weeks. It was agreed that she would have radiotherapy to the breast and axilla and she was given 40 Gy in 15 treatments to the left breast and nodal areas followed by a boost of 10 Gy in 5 treatments to the primary site. Whilst adjuvant chemotherapy would also have been routinely discussed this was considered too hazardous as the patient was still on ICU. The patient and family accepted a recommendation for 5 years of hormone blocking treatment and were prescribed Letrazole in a dose of 2.5 mg with calcium supplementation.
Over the next six months the patient recovered well, achieving full mobility but had a persistent dry cough. Chest X-ray 8 months post-operatively showed two ill-defined opacities in the left upper zone but CT scan showed no abnormality. A diagnosis of radiation pneumonitis was made and the patient recovered following a short course of oral steroids. Four years post operatively the patient remains well, with no signs of recurrence clinically or on surveillance mammography.
Discussion
Blue dye, with or without isotope, is now commonly used to identify sentinel lymph nodes in breast cancer and some other malignancies, e.g. melanoma surgery and in neurosurgery. There was estimated total allergic potential of 0.86% (anaphylaxis grades 1 -3) from the combined data sets of the ALMANAC trial and those patients who participated in the NEW START [1] . For severe Grade 3 anaphylaxis, a reaction rate of 0.06%is reported [4] . Higher rates of 0.4% -1.0% have been reported in other series [5] [6] . These figures may understate the range of responses seen by anaesthetists. Grade 3 anaphylaxis is defined as reaction causing "severe hypotension requiring vasopressor support and/or change/abandoning of planned procedure and/or HDU/ITU admission" [4] .
Patent Blue V (PB V) dye has been used since the 1960's in lymphangiography and outside medicine is used in textiles and as a food colourant E131. This more widespread use potentially exposes the general population to the risk of allergic sensitization [7] [8] .
Anaphylaxis to anaesthetic drugs is variably described to be of the order of 1:3500 -1:13,000 [4] . Therefore, adding PB V into the equation significantly increases the risk ofperi-operative anaphylaxis [8] .
In breast surgery, there is the potential to miss early angioedema because with the surgeon working near to head there is often complete drape coverage of the patient. In this case oedema in the surgical field was only noticed at the point that cardiovascular instability became apparent at 40 minutes after initial dye injection. The use of B-blocker may also have contributed to the severity of hypotension. Delayed reactions are defined as 20 -30 minutes after blue dye injection [6] but has been reported as late as 67 minutes and are well recognized [9] [10], being particularly difficult to manageif the dye leaches out in a biphasic pattern over time [11] .
Clearly there are implications for the anaesthetic staffing of breast lists which may be allocated to relatively junior trainees. As this was the fourth in a series of PBV reactions at our hospital over a 20 month period our institution adopted a temporary policy of arterial line insertion and endotracheal tube placement for all cases requiring PB V. The use of PB V was already part of the safety brief in theatre. Whilst the superiority of Noradrenaline over Adrenaline in promoting cardiovascular stability has been previously described [6] it is not supported in all reports [12] . This is the first report of the potential benefit of continuous veno-venous haemofiltration in mitigating the cardiovascular effects of anaphylaxis due to blue PB V.
It is important to monitor all cases of anaphylaxis for an extended time postoperatively in a high dependency environment as there may be cyclical relapses in the clinical condition [4] [5] . Chronic administration of B-blockers in any patient will make the patient more resistant to cardiovascular resuscitation. In addition any day case patients demonstrating allergic features from any cause should be observed for at least 8 hours prior to discharge. This risk should be borne in mind when pursuing same day discharge programmes in which the patient leaves hospital late in the evening. A recent MHRA guidance [13] endorsed by the Royal College of Surgeons of England, reminds us that all serious allergic reactions should be reported, as was this case, under the "yellow card" scheme. "Patent Bleu V does not carry a licence for marketing and surgeons should have competent personnel and emergency facilities for at least an hour following administration of Patent Bleu V as delayed reactions occur".
Conclusions
Sentinel Node Biopsy with a dual localization technique using Patent Blue Dye remains the standard of care for clinically node negative breast cancer patients. Although allergic reactions are rare and life-threatening, this ar-ticle describes a successful novel approach. Alternatives techniques using fluorescent Indocyanine green [14] and iron grains [15] have been shown to be effective for sentinel node biopsy in breast cancer and may prove a safer and long-term alternative to blue dye.
In the meantime, our experience would prompt the following recommendations: to ensure all theatre personnel are aware of the potential for delayed blue dye reaction and to provide continuous and effective cardiovascular monitoring, visualisation of the patients' face and easy access to vasopressor. If cardiovascular instability persists despite optimal inotropic and respiratory support, the addition of veno-venous haemofiltration may help improve the clinical status of the patient by reducing antigenic load.
